West Chester University

Digital Commons @ West Chester University
Anthropology & Sociology

College of the Sciences & Mathematics

2018

Stone Moulds in Sardinian Museum Collections:
Indicators of Bronze Age Metallurgical Technology
Marshall Joseph Becker

Follow this and additional works at: https://digitalcommons.wcupa.edu/anthrosoc_facpub
Part of the Archaeological Anthropology Commons

Monographie Instrumentum
56

Collection dirigée par
Michel Feugère

A. Giumlia-Mair and F. Lo Schiavo (eds.)
Tous droits réservés
© 2018

Diffusion, vente par correspondance
Editions Mergoil - 13 Rue des Peupliers - 31280 Drémil-Lafage
Tél : 0345440444 - e-mail : contact@editions-mergoil.com
ISBN: 978-2-35518-083-5
ISSN: 1278-3846
Aucune partie de cet ouvrage ne peut être reproduite sous quelque forme que ce soit (photocopie,
scanner ou autre) sans l’autorisation expresse des Editions Mergoil.
Mise en page : A. Giumlia-Mair and L. Tocco
Couverture : Editions Mergoil - Photo : Torralba-S. Antine. Ripostiglio dalla Capanna (da Lo Schiavo)
4eme de couverture : Photos : Excavation on the island of Mochlos (photo A.Giumlia-Mair) et Moule
de Sidossi (photo J.-P. Antolini)
Dépôt légal Septembre 2018

Bronze Age Metallurgy on
Mediterranean Islands
A. Giumlia-Mair and F. Lo Schiavo eds.

Editions Mergoil
Drémil-Lafage - 2018

Bronze Age Metallurgy on
Mediterranean Islands
R.M. Albanese Procelli, M.J. Becker, Ph. Betancourt, S. Cara, P. Craddock, S. Ferrence, J.I. Gil Ibarguchi, A. GiumliaMair, A. Hauptmann, M. Jansen, V. Kassianidou, S. Klein, T. Lachenal, F. Lo Schiavo, M.R. Manunza, C. Matzuzzi,
I. Montero-Ruiz, J.D. Muhly, P. Muhly, G. Papasavvas, M. Perra, K. Pêche-Quilichini , S. Pretti, N. Rafel, A. Sanna, B.
Salvà Simonet, J. Soles, P. Sureda, †R. F. Tylecote, P. Valera, A. Usai

Summary

Introduction (A. Giumlia-Mair and F. Lo Schiavo)

|9

Chronological Table 11

|13

Lingotti piano-convessi (bun-ingots) ed altre forme di
lingotto (F. Lo Schiavo) 			
|59
The Funtana Coberta-Ballao Hoard: new copper
provenances in Nuragic metallurgy (I. Montero-Ruiz,
M.R. Manunza, F. Lo Schiavo, P. Valera, J.I. Gil
Ibarguchi, N. Rafel, P. Sureda)
|137
Copper ingots from the Nuraghe Arrubiu at Orroli (I.
Montero-Ruiz) 					
|165
Un fragment de lingot de cuivre de Cuciurpula (T.
Lachenal, K. Pêche-Quilichini, I. Montero-Ruiz)

|356

A proposito di alcune matrici nuragiche da Bidonì,
Sorradile e Narbolia (OR) (A. Usai)

|375

The moulds from Sardinia known as “steatite moulds”:
studies on their lithology and provenance (S. Pretti, A.
Sanna, S. Cara, C. Matzuzzi, A. Usai, P.Valera)
|393

Lingotti/Ingots
Lingotti oxhide e oltre. Sintesi ed aggiornamenti nel
Mediterraneo e in Sardegna (F. Lo Schiavo)

Moulds and crucibles of Nuragic Sardinia (F. Lo
Schiavo)

|177

I reperti archeometallurgici nel nuraghe e villaggio
nuragico di Genna Maria, Villanovaforru (Cagliari) (M.
Perra)
|403

Metallurgy in Sardinia, the Balearic Islands and the
Western Mediterranean/ Metallurgia in Sardegna,
nelle Baleari e nel Mediterraneo occidentale
La strumentazione per la lavorazione dei metalli nella
Sardegna nuragica (F. Lo Schiavo)
|413
Bronze Age Metalworking in the Balearic Islands (B.
Salvà Simonet)
|454

Matrici e crogioli in Sicilia e Corsica/ Moulds and
Crucibles in Sicily and Corsica

Slag, Copper and Iron: The spread of slag smelting
technology through the Mediterranean and Western
Europe in later prehistory (P. Craddock)

Produzione metallurgica nella Sicilia protostorica: matrici
e crogioli (R.M. Albanese Procelli)
|195

Crete and Cyprus/Creta e Cipro

Les outils du forgeron corse de l’âge du Bronze : creusets
et moules (K. Pêche-Quilichini)
|239

Produzione in matrice nella Sardegna nuragica/
Casting in moulds in nuragic Sardinia
Introduzione e storia della ricerca (F. Lo Schiavo)

|261

Casting in moulds in Nuragic Sardinia, introduction and
history of the research (F. Lo Schiavo)
|264
Casting techniques and the method of using moulds
(†R. F. Tylecote)

|267

Stone Moulds in Sardinian Museum Collections:
Indicators of Bronze Age Metallurgical Technology
(M.J. Becker)
|273
Le matrici e i crogioli della Sardegna nuragica (F. Lo
Schiavo)
|305

|480

Metallurgical Habits and Workshop Remains in LM IB
Mochlos, East-Crete (J. Soles and A. Giumlia-Mair) |498
Arsenic in the network: Arsenical Copper in Minoan Crete
(A. Giumlia-Mair, Ph. Betancourt, S. Ferrence)
|520
The Syme Sanctuary: Metal Analysis and the Work of
Professor Robert Maddin (P. Muhly, J.D. Muhly)
|542
Copper and lead isotope characterization of Late Bronze
Age copper ingots in the Eastern Mediterranean: results
from Gelidonya, Gournia, Enkomi and Mathiati.
(M. Jansen, A. Hauptmann, S. Klein)
|552
Ancient copper mining, oxhide ingots and a hoard – new
data on Mathiatis from the State Archives of Cyprus (V.
Kassianidou)
|578
Values, weights and equivalences of metals in the Late
Bronze Age Eastern Mediterranean, or What could a
copper oxhide ingot “buy”? (G. Papasavvas)
|600

In the Eighties there was a first meeting in Cyprus, and Sardinia made its appearance in the official
Conferences and in the personal discussions among scholars. This brought about a better mutual knowledge
of Bronze Age Metallurgy on the two islands, and many projects, aiming to a deeper scientific
understanding, were planned.
After many preliminary papers on connected topics, two major steps brought us to the present volume:
Archaeometallurgy in Sardinia from the origins to the Early Iron Age (F. Lo Schiavo A. GiumliaMair, U.
Sanna, R. Valera eds., Instrumentum 30, Monique Mergoil, Montagnac 2005), followed by Oxhide ingots in
the central Mediterranean (F. Lo Schiavo, J. Muhly, R. Maddin, A. GiumliaMair eds.), Biblioteca di
Antichità Cipriote 8, ICEVOCNR, Roma 2009. Some of the Authors publishing their work in the present
volume (J. Muhly, R. Maddin, V. Kassianidou, G. Papasavvas, R.M. Albanese Procelli, A. Usai, A.
Hauptmann) had already worked together for the second.
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The papers about Cyprus, covering the topic of mining, oxhide ingots and hoards, and population movements
and transfer of metal, conclude the volume. This is certainly not the end of the story: for each section of the
volume more work should be done, and more chapters should and must be added.
However, the work presented in this volume was produced and collected for the two scholars we wish to
honor and who were our inspiration both from a metallurgical and an archaeological point of view
We hope that our effort will be appreciated.
Alessandra Giumlia-Mair and Fulvia Lo Schiavo

From the left: Robert Maddin, Alessandra Giumlia-Mair, James D. Muhly and Fulvia Lo Schiavo
visiting the Akropolis Museum in Athens. 5th of May 2016.

Fulvia Lo Schiavo, Robert Maddin, James D. Muhly and Vassos Karageorgis
in Nicosia, Cyprus, in October 2009.
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Stone Moulds in Sardinian Museum Collections: Indicators of
Bronze Age Metallurgical Technology

MARSHALL JOSEPH BECKER
West Chester University, West Chester, Pa. 19383

Abstract
The casting of tools from copper and bronze using stone moulds has a history that dates back to the
earliest smelting of metals. Sardinia has an abundance of deposits for steatite and related soft stone
types that can be easily carved to form moulds for a wide range of shapes. A wide range of stone
blocks with or or more forms for the casting of bronze tools have been conserved in several museums
in Sardinia. This detailed catalogue, with individual drawings, provide insights into the manufacture
of tools for a number of different types of bronze artifacts such as those also known from the
archaeological record.
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steatite deposits on Sardinia; deposits that
continue to yield vast quantities of the highest
grade steatite. High quality steatite of the “Orani
type” was long quarried for industrial moulds and
to this day produces the finest grades of talc
(Valera P.G. and Valera R.G. 2005, 37, 40).
The several interesting observations made by
Zervos attracted my interest to Sardinia. Although
Zervos appeared unaware of the moulds in the
museum at Sassari or in private collections, a field
project to the island soon gathered information on
these pieces. With the gracious co-operation of
officials at the two major museums in Sardinia the
stone moulds in question were illustrated and
some samples of the actual stone were collected.
The intent was to determine the origins of the
material from which each is made (see Becker
1976a, 1978). Although procedures had not been
worked out, continuing research at that time
suggested that source areas might be recognized
using studies of rare earth element (REE)
concentrations (Becker 1976c; 1977). At that time
Annette Rathje (1976) also suggested that a stone
vase from Cerveteri, now in the Villa Giulia
Museum (2118), might be traced to its sources.
She secured a sample from that stone vase (Rathje
1976, Figs. 1-4; 18 fn. 6) but the mineralogical
testing was inconclusive. More sophisticated tests
were being evaluated in several research centers
throughout the world, but the results were
uniformly vague (Becker 1978; 1985b), and in
some cases the rare earth element methodologies
were less than scientific. Alternate tests for
steatite were developed (Becker 1988), but these
could not be used to determine sources. While
determining sources, and thus trade routes, were
not determined through mineralogical studies, the
study of the moulds themselves offer some
insights into metallurgical technologies (Tylecote
et al. 1984; also Becker 1984). Since this study
was conducted enormous progress has been made
in this field, with research in Sardinia being
exceptionally well done and effectively published
(Lo Schiavo et al. 2005).
The Stone Moulds in Sardinian Museums and
Collections
The earliest known discovery of stone moulds in
Sardinia appears to have been made in the middle
of the nineteenth century. Many collections of
Bronze Age antiquities had been assembled prior
to that time (Crespi 1868), and stone moulds
appear to have been among the objects recognized
as being of great age (see Schliemann 1880, 434
276 |

and Cag. B120 below). By 1880, when H.
Schliemann published “Ilios, the Country of the
Trojans”, he was well aware that the Bronze Age
stone moulds in the collection of the Cagliari
Museum were of considerable significance.
In describing examples of the 90 largely
fragmentary moulds from various levels at Troy,
Schliemann (1881, 434) compared several with
one which he stated as listed as No. 7 of Plate II in
the volume entitled II Museo d'Antichità di
Cagliari by Vincenzo Crespi. This is the object
now labeled B120 in the Archaeological Museum
in Cagliari (see below and Figure 2). Crespi, who
was associated with the Regio Museo di
Antichità, had published the catalogue to the
Chessa collection (1868), which included no
moulds, and according to Schliemann appears to
have been the first modern scholar to recognize
this aspect of ancient metallurgy.
Schliemann's comparative data demonstrate his
wide knowledge and scholarly approach to the
problem of excavating and interpreting the ancient
city that he believed to be Troy. His references
demonstrate that by the late nineteenth century
Sardinia was considered to be within the
mainstream of archaeological activity. Shifting
political forces and political history were to lead
many archaeologists to focus on Crete and other
politically vulnerable areas as the targets of their
interest. Since Spano's publication of data relating
to a stone mould from Sardinia (1855), a long
series of related publications have provided
scholars with bits of information from this facet of
ancient technology. Although they recognized that
these items provided means of investigating early
metallurgy they did not develop the study to the
extent now possible. Spano studied a dagger
mould on one face of a block that had the form for
a talisman (a trio of pins) on the other, leading
him to conclude that the items cast in this mould
were both associated with military activities.
Spano (1871, 28) later published information
regarding this mould but in neither situation did
he provide information concerning its provenance.
We may assume that this piece was recovered by
accident or from an uncontrolled excavation.
Zervos (1954, 186, fig. 207) illustrated a pendant,
about ten cm. long, with three pin-like objects in
relief that I believe had been cast from the mould
which Spano published in 1855; a mould now
unfortunately missing.
The quality of excavation reports and subsequent
record keeping on items that were not of central
importance to archaeologists is surprisingly good,

yet the contexts for most of the known moulds in
the collections are only vaguely recorded.
Taramelli (1917, 100) found that very few of the
Cagliari Museum pieces had secure proveniences
and he could not determine the origins of most of
their pieces, but he does offer important basic
information that now exists only in his
publication. He also made special note that the
origins of many of the pieces in the Caput
collections were unknown and what information
was available appeared particularly deficient.
Excavations of votive caves (Taramelli 1915a)
and grottos (Taramelli 1915b) produced many of
the fine artifacts now on display, but the limited
data on provenience (see Taramelli 1917) and lack
of stratigraphic context create problems in dating.
Archaeological methods around the world after
this period began to include significant
information on specific find sites. Similarly,
recent interpretive techniques offer vast
improvement over those available to these earlier
scholars. At least one intact mould, B 934, was
found in a ''votive cave" at Urzulei in Ogliastra
(Cagliari), but such was the available data that
Taramelli (1917, 103-104) could not determine if
it had been placed as an offering or if the cave had
been used to house a forge. The confusion in the
records and other problems allowed Taramelli to
attribute forging skills to a priestly class, a type of
interpretation typical of a century past. His
general observations (Taramelli 1923) offer much
more useful insights into metalworking on
Sardinia than his early efforts at anthropological
inference.
The purpose in studying the known stone moulds
from Sardinia is to provide a firm foundation for
future studies of metal-working techniques. The
data on metallurgy and casting assembled here,
together with information on experimentation
with ancient casting techniques, provide a better
understanding of how these moulds may have
been used. The following corpus represents only
those stone moulds that the author located in the
archaeological museums in Cagliari and Sassari,
Sardinia. Taramelli (1917, 103), in discussing the
moulds which he located in Cagliari, referred to
three other groups of moulds on Sardinia. One
group was in the Museum of the University of
Sassari, forming the basis for the collections
now at the Museo Nazionale “G.A. Sanna” in
Sassari. These pieces remain to be located. Two
other collections of moulds in or near the city of
Sassari were seen by Taramelli, but he was not
allowed to publish the information. These two
were listed as the Vallero and Dessì collections.

The Dessì collection from 1918 has since become
part of the museum collections described below.
The Vallero artifact collection remains mostly
unpublished.
Identification of the Stone
In order to provide specific identification of the
mineral components of each artifact, permission
to take small samples was sought from the
respective museum authorities. Initial studies of
rare earth elements demonstrated that this
technique could not be used to provenance
steatites. At some future date an analytical
program may enable us to determine where the
stone itself had been quarried, and if long distance
trade had been a factor in this aspect of this
metallurgical activity. Once permission had been
received to remove samples from the objects
studied, the following pre-determined hierarchy of
locations was used. Four possible testing locations
had been established:
1. Whenever loose pieces in danger of separation
from the piece were identified, these fragments
were detached as samples. These most often were
to be found on surfaces of old breaks and along
the rims or base of "intact" artifacts.
2. A second source of samples would be found on
an area damaged through a post-excavation
accident. A chipped or scuffed area provided an
exposed portion of the stone largely
uncontaminated by surface dirt or patina that
could be scraped or drilled to secure a sample.
3. Fragments of artifacts on which there were no
loose or crumbling pieces, could be drilled on the
surface of the break.
4. Intact pieces were drilled on the least
conspicuous surface, generally that of the surface
away from the mould face.
In all cases the location of the source of the
sample was noted, and in the case of a drilled hole
temporary plugs of tinted paper were inserted (see
Becker 1977).
The Catalogue
Not since Pernice (1904) devoted an entire section
of his work to the use of moulds in the metals
industries has any significant work been
undertaken to elicit information on bronze casting
Bronze Age Metallurgy on Mediterranean Islands | 277

from the forms used in the process. Although
Pernice focused on moulds used for jewelry,
numerous ancient tool moulds discovered during
the nineteenth century were also incorporated into
his study. Any future inventory of these important
pieces should begin with Pernice's study,
particularly for a good summary of the Trojan
antiquities catalogued by H. Schmidt (1899).
Gotze (1925) also provides a summary of
metallurgical procedures from the viewpoint of
casting using moulds. His well-referenced work,
however, primarily examines Late Bronze Age
casting and those elaborate techniques that appear
to have developed only toward the end of the
Bronze Age. These methods include the complex
procedures used for casting chains as the very
specialized techniques used in the production of
fine jewelry. Gotze (1925) also presents
information concerning founding that is based on
evidence from Egypt. Neither Gotze nor Pernice
had available firm evidence that could be used for
more specific dating of these moulds. Problems
with the identification of context continue to
negate the value of using moulds to date artifacts
that appear to have been cast in them. To this day
the dating of specific moulds can be only vaguely
achieved, with a firm conclusion in any case
awaiting other means of fixing their place in the
chronology.
The outstanding catalogue of early bronze
artifacts produced by Deshayes (1960b; see also
Deshayes 1960a) has been equaled in quality by
Lo Schiavo’s (2005a) listing of stone moulds from
Sardinia that were used to cast such bronzes.
Deshayes’s corpus of material includes very few
moulds and the drawings of all the artifacts are
useful only for purposes of gross comparison.
Deshayes also accepted dates for these objects as
suggested to him, without specific evaluation or
concern with the fine discriminations such as
those that are increasingly necessary for achieving
the accuracy and specificity now sought.
The stone moulds, and a few related bronze
objects, are presented here to provide a source of
information regarding these basic tools that were
produced by this early bronze industry (cf. Lo
Schiavo 2005a). Rather than undertake a
sweeping survey I have focused this catalogue on
the production of accurate drawings as a means of
making available objective evidence from the
material that could be located for study in the
1970s. Each of these drawings has with it the
entire body of knowledge that was found in the
various archives. Inferences are also added, but
every effort has been made to limit speculative
statements. The data for this catalogue, which is
278 |

intended to be informative rather than analytical,
were collected during the winter field seasons of
1976/77 and 1977/78.
The order of presentation follows the numbering
system used by the two museums in which these
objects were housed. No attempt has been made to
arrange this small corpus according to forms of
objects cast or area of origin. Too few are derived
from known proveniences and the limited number
of objects does not warrant "ordering" the pieces.
Future finds may provide more substance to the
results of additional studies. Each piece is
described in the text, followed by a list of
published sources in which the artifact under
discussion has been included. The drawings are an
attempt to render with accuracy the overall
configuration of the pieces and, more importantly,
the specific shapes of the mould forms. The
unusual, if not peculiar, aspects of these items
may enable others to match castings to the forms
carved into these moulds on the basis of exact size
correspondences as well as any individual
peculiarities that might characterize a specific
mould. In most cases no attempt is made to
indicate a third dimension. Stippled areas indicate
damage that post-dates the carving of individual
pieces.
The locations of holes from which samples of
stone have been drilled from the artifacts at the
Museo Nazionale "G.A. Sanna" in Sassari are
indicated in all drawings where the surfaces
including these drill sites are located. A complete
photographic record of these locations, as well as
scuffed areas from which some samples were
taken, has been made by the staff of the museum.
Each piece is described as completely as possible
using information gathered by the author (Becker
Ms. C). In each case, following the description, is
a list of previously published observations on the
artifact under discussion.
Much of this material may date from the period
between 2000 and 1000 BCE, but no greater
specificity can be inferred regarding when
individual pieces may have been in use. The items
in this catalogue include recurrent attributes,
which might allow groups to be formulated, but in
the absence of any firmly dated archaeological
evidence one might prefer to delay attempting to
construct a chronology based on typology. The
catalogue, with its accurate drawings of the
material, provides one means to infer the methods
of ancient bronze casters. To the following listing
of steatite moulds studied for this project have
been added two bronze items illustrative of the

type of objects that would have been cast using
such moulds as well as a steatite tool that may
have been used as a stamp. The primary goal of
this study is to document the basic collection of
steatite moulds that was known in 1976. Since
then other examples have been published (Lo
Schiavo 1992; 2009b), adding significantly to the
data base presented here.

moulds for casting such pieces are these from
Sardinia. One might hesitate before speculating
that Sardinia was the source for all of these far
flung artifacts. The evidence suggests that steatite
moulds of this form were not among the island's
exports, leaving us to infer that the tools
themselves may have been exported.

[Cagliari] No. 4893; possibly 4893 or 489(3).
Polishing tool or “stamp” apparently of steatite,
examined by Becker in 1976. Zervos (1954 137,
fig 137) illustrates this stone “polissoir” found at
S. Michele di Oschiri. The form is a roughly
rectangular block of stone 4.0 by 7.0 cm. long,
approximately 1.5 cm high on which there is a
“crest” or perhaps a grip some 2.1 cm tall running
the entire length of the long axis. Thus the entire
item is about 3.6 cm high. The crest is about 1.5
cm wide.
There are four similar steatite objects in the
Museo Nazionale G. A. Sanna, Sassari (Vitrine
26, in 1976). These are identified as “timbre”
(stamps). These four (Nos. 614, 615, 11517 and
11526) range from 6 to 11 cm in length. The
shape is, in fact, similar to stamps used to apply
paint to cloth, skin, and other surfaces in various
cultures, but their functions on Sardinia have only
been inferred. Close examination might determine
if the bottom surfaces reflect polishing, as
suggested by Zervos.
Cagliari B 119 –42778: A Bronze Tool (Fig. 1)
This bronze tranchet axe, sometimes called a
shaft-hole adze-axe, or axe-adze ("kreuzständige
Hacke") was displayed in the archaeological
museum alongside the mould B 120, described
below. Similar axes are in common use to this
day. This bronze tranchet axe (B 119) is slightly
larger than one that would have been cast in the
form carved into mould B 120, but it is of a
similar and apparently standard shape.
Pinza (1901: Tav. VII, 10) illustrated a similar
tranchet axe and the form is represented at the
Archaeological Museum in Cagliari by numerous
bronze examples as well as by several of the
moulds (B 120, B 933, etc.) used to cast these
pieces in antiquity. The type is common to
Sardinia (cf. Petrie 1917:15 pl. XII, 48; Catling
1964: pl. 8). The general form is common
throughout the ancient world (see Deshayes
1960b, Vol. II, e.g. his No. 2288). Although this
form is widespread, to date the only known

Fig.1: Shaft-hole axe/adze, B 119

The two views of this axe (Fig. 1) provide
considerable information regarding techniques of
manufacture. The casting of bronze pieces using a
stone mould with a long cylindrical "plug" affixed
into the "well," provided the socket for hafting
these tools. The shaft hole in this casting is
slightly tapered, being 2.00 cm. in diameter at the
top, but only 1.95 cm. in diameter at the base.
Thus a handle some 1.95 cm. in diameter could be
inserted into the hole. Once the handle had been
placed into position, a split or saw cut some 2.00
cm. deep into the top of the handle would receive
a thin wedge of wood. When driven into the split
top of the handle the wedge spreads the handle
within in the socket, forcing the wood to the full
2.00 cm. width of the socket. This would fix the
handle in position to prevent the head of the tool
(the bronze casting) from flying off when in use.
The thin, vertical cutting edge of this bronze axe
had been formed through hammering. The slight
flare of the toe (upper part of the cutting edge)
could not have been cast in this form, indicating
the use of hammering, which also served to
harden and temper the edge. The adze portion, or
tranchet edge of the tool, with its horizontal
cutting edge, was cast as a flat projection of the
tool (see B 120). This edge could have been
forced downward when still hot, but hammering is
more likely as that also hardens the bronze. The
spread of the adze end of B 119 also suggests that
hammering was used to achieve a sharp and flared
surface.
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by comparing the "castings" with the double pickaxe illustrated in his own work (Schliemann
1880:506, no. 958). The second side had beds for
"weapons" similar to instruments Schliemann
called Trojan battle-axes such as those that he also
illustrated (1880:476, nos. 806-9; 486, no. 828).

Fig.2: Rhomboid mould B 120

Cagliari B 120 (fig. 2)
This small rhomboid mould with forms carved
into opposite sides was found in Nurra in 1864
(Spano 1871, 27). In 1978 it was displayed in a
case at some distance from the other moulds in the
museum. With it is displayed the bronze tranchet
axe (B 119) described above. This axe is of the
same form as the tranchet axe that would have
been cast in this mould, but is of a slightly larger
size. The "cross-section" of B 120 is drawn in
order to show the axe in detail, but this cross
section through the chisels slightly “distorts” their
widths. These dimensions, however, are easily
derived from the plan, with the proper depths
being found in the cross section. The grooves on
the upper surface of the mould have no evident
function, but they may have served to orient the
pattern used to excavate the mould cavity.
Spano (1871, 27, fig. 46) specifically noted that B
120 was in the Museum of Cagliari in 1871,
suggesting that some of the other items described
in this publication may have been in private
hands. He gave the weight of this piece as 5 kg.
and its length as 15 cm. He believed that the stone
was the same as that used for B 933 (q.v.); that is
a porphyritic-trachite of a variety he believed to
be found near Meana. Spano speculated that both
of these moulds were products of the same
workshop.
Schliemann (1880, 434) makes reference to the
moulds in the Cagliari Museum when he describes
the moulds from Troy. He cited Vincenzo Crespi's
work Il Museo d 'Antichità di Cagliari, which
Schliemann said illustrates B 120 as item No. 7 on
Plate ii. Schliemann noted that the beds on both
sides of this "trachyto-porphyric stone" were used
for casting "weapons." One bed is described as for
a double-edged battle-ax with a perforation in the
middle. This minor error in Schliemann's
description of this tranchet axe was compounded
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Taramelli (1917, 101, no. 3) identified this mould
as "Inv. 5487" from Nurra, Sassari. He referred
readers to Spano, “Scoperte archeologiche nell'
anno 1871” (Spano 1872). Zervos (1954, 147,
148, figs. 153-154) provides outstanding
photographs of both sides of this lozenge, which
he believed to be of steatite. He is almost correct
in the dimensions that he lists (15 by 14.5 cm),
but errs in stating that this mould was found with
the Serra llixi (Isili) material. The Serra Ilixi finds
included three ox-hide ingots, but Zervos
mentions only the two, perhaps the pair illustrated
by Spano (1872, 51).

Fig.3: Bronze sickle blade B 919

B 919: Bronze Sickle Blade (Fig. 3)
A bronze tool of roughly similar shape to B 927a
and B 927b is Cagliari Museum artifact B 919
(see Fig. 3), which has the number 5458 written in
ink on the blade. Object B 919, however, has no
tang or handle as part of the casting, but was
hafted using two pins or rivets in the basal end.
The maximum thickness of B 919 is 3 mm. One
side, perhaps the one that was cast adjacent to the
mould surface, is relatively flat while the other is
slightly convex. The pin or rivet hole at the lower
portion of the basal end is roughly diamond
shaped so that the insert would provide stability.
The second hole, toward the top of the basal end,
still has a pin with a diamond shaped cross section
fixed into it. This pin is 27 mm. long. See B 927
(Fig. 7) below.
An excellent example is illustrated by Atzeni C. et
al. (2005, 141).

B 923 (Fig. 4)
This piece is the midsection broken from a mould
for a lance. It appears to be made of chlorite schist
or steatite. The descriptive card with it reads:
Frammento di forma in scisto per puntale di
lancia, Oschiri. This fragment contains that
portion of the mould that formed the base of the
blade and that portion of the octagonal shaft
extending from the blade. The broken edges on
each end are flecked with bright green, which
looks like copper oxide. Although both ends of
this piece appear to have been broken, only one is
shown here in section (Fig. 4). The butt end,
shown in plan, has two vertical grooves possibly
used for binding the two valves of the mould.
These vertical grooves may be modern, or at least
date from after the break at the basal end of this
valve. The end may have been broken deliberately
or accidentally during the period when the mould
was still in use, leading the users to add these
grooves on the newly exposed surface as part of
the repair or binding arrangements. The small
circle drawn on the section view (toward the
point) denotes the location from which a sample
of the stone was drilled. A small arrow indicates
the position of the shallow (.015 cm.) groove,
which runs lengthwise down the spine of this
fragment. This long groove may also have been
used in binding the halves of the mould for
casting.

collection, inventory number 23935. The piece,
shown in three views, was carved with forms for
casting two rectangular blades, or chisels; one on
each side of the stone. The larger carved form has
a maximum length of 17.2 cm. and maximum
width of 4.95 cm. The smaller chisel form would
have dimensions of 17.2 and 3.3 cm. respectively
and a maximum depth of 1.0 cm. at the broad end
and 0.9 cm. at the narrow end.

Fig.5: Two rectangular blades or chisels B 924

Fig.4: Mould for spear-point B 923

Taramelli (1917, 102-3, No. 9) appears to have
been the only scholar to have earlier noted this
piece in print. His reference to this fragment
provides us with the information that it came from
the Caput collection and had the inventory
number 23936. Taramelli notes that it was of
unknown provenience.
B 924 (Fig. 5)
This ancient mould, of unknown provenience, is
noted by Taramelli (1917, 102, No. 5) as made
from steatite and being part of the Caput

Fig.6: Mould for dagger or spear-point B 925

B 925 (Fig. 6)
This mould (max. length 18.6 cm., max. width 8.3
cm.) was used to cast a short, relatively broad
blade or lance head. On each end are incised three
parallel grooves (see both plan and section, Fig.
6), both of sufficient depth to have been useful in
binding the two valves together. However, one of
these lines leads directly to the approximate center
of the sprue leading to the tang. A binding in this
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position would interfere with pouring the liquid
metal. Quite possibly these lines may have served
as guides in drawing the pattern of the blade on
the stone surface to assist in cutting the mould.
The surface of the blade portion of the mould face
has five fine parallel cracks running perpendicular
to the long axis of the mould. These may be a
function of temperature changes brought about
during the casting process. The mould for the
blade itself does not have a sharp medial spine,
but rather a gently rising crest, which runs the
length of the object.
The surface of the mould form, cut into B 925, is
much smoother than the surface of the remainder
of the mould, indicating considerable polishing
and care in the cutting of this form. The stone
surface has darkened to a dull black, possibly due
to heat or fire exposure. A sample was received
from an ancient scar. The dust of the sample is a
brown-black, but the interior of the artifact was
revealed to be' a very dark gray-green.

Zervos (1954, 140) refers to a steatite mould for
lance points that was found at the Nuraghe Piscu
(Suelli). Not clear is whether he is referring to B
928, or even B 925.
B 926 (Fig.7, cf. B 928)
B 926 was used for casting a long and fine spear
blade. It is described on its museum card as
follows: Forma in steatite per falci, accette e
arpioni (Prov. incerta). In 1976 this piece was
measured at 45.6 cm. long. The shaft end
measures 7.7 cm. wide by 8.2 cm. tall. The
smaller point end was only 6.0 cm. wide and 7.6
cm. tall. On each side of that part of the mould for
casting the haft are two shallow incised lines
perpendicular to the long axis of the piece,
possibly to hold chaplets used in the casting
process (see Atzeni et al. 2005, 147; Becker Ms.
A). In 1977 a sample was secured from this B 926
by lightly shaving approximately 50 milligrams of
material from the underside (opposite the mould
face). The stone has a dark gray surface, but the
interior is a very light green color.
Pinza (1901: Fig. 95) offers excellent photographs
of this outstanding piece. Taramelli (1917: 102,
no. 7) identifies it as steatite, and in the Caput
collection (Inv. 23633, provenience unknown).
Taramelli describes this piece as being 35 cm.
long, whereas I measured it at 45.6 cm. Taramelli
probably confused his data at this point, listing
some measurements from B 926 and some from B
928 to each of his numbers 7 and 8, resulting in
assigning an incorrect length to this piece.

Fig. 7: Mould for a spear blade B 926

Pinza (1901: Cols. 166-7, Fig. 96) describes this
as "Forma per fondere lame di pugnali con
codolo (fot. Vochieri)." The Vochieri photograph
is very good, but without scale. Taramelli (1917:
102, No. 6) believes that this mould is steatite and
from "Silanus (?)" Inv. 23934. Taramelli misprints
the Inventory number as 2394, and calls it a
"pugnale," with strong medium rib, of the type
frequently found in the repository of Abini (Teti).
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Fig.8: Mould for sickles and two other tools B 927

B 927: Mould for Sickles, etc. (Fig. 8)
This open mould, of greenish steatite, has forms
for two small sickles and two other tools. No
bronze tools of these shapes are evident in the
collections of the Archaeological Museum at
Cagliari nor are bronze examples of this type of

sickle now known from any part of Sardinia.
Bronze tools very similar in shape to those, which
would have been cast in this mould are known
from Austria (see Kneidinger 1960, Abb. 2, 3), as
well as Tepe Gawra (Deshayes 1960b, Vol. II:
No. 2854). In fact, those from Tepe Gawra are
remarkably similar in many details. A bronze tool
of roughly similar shape to B 927a and B 927b is
Cagliari Museum artifact B 919 (see Fig. 3; also
Atzeni et al. 2005: 141).
The areas around the four forms carved into
mould B 927 are blackened, possibly having
darkened from the heat of molten metal poured
into the forms. All four forms open into a spruelike swelling along one edge of the mould. As in
the case of other apparently but not necessarily
open (univalve) moulds, this configuration
suggests that this might actually be one of a pair
of valves. The convex shape of the surface of this
piece indicates that a matching unit might be
concave in shape. Quite possible these "open"
moulds had a single covering attached in some
fashion, possibly tied to the surface of the mould.
In such a situation the metal might be poured into
the sprues, but only a single valve (an “open”
mould) would have been employed. This
possibility would explain two features of casting;
why no vents are carved into the surface (a loose
binding would "self-vent"), and why no pegs or
holes to fix pegs to hold the two valves of a mould
in fixed position are found in such pieces.
Like other examples in the Cagliari collection this
mould is not of even thickness across the entire
breadth. At the center of the wider side it is 5.3
cm. thick, gradually narrowing to 4.9 cm. at the
center of the opposite side. A microscopic sample
of this piece was taken from a relatively recent
scuff on the stone surface opposite the mould
face. The stone appears a dull gray-green, but the
interior is revealed to be of a very bright green
color similar to the steatite mined in eastern
Sardinia.

B 928
This mould for an octagonal based lance blade,
possibly from Serra Ilixi, was found in three
pieces and has been restored by use of glue and
staples. A card next to it in the museum bore the
number "Inv. 5468." The dimensions are: length
40.0 cm., large (basal) end width 6.7, height 4.7
cm.; small point end width 4.0, height 2.8 cm. On
the mould face six incised lines extend out
perpendicular to the hafting end (cf. B 926),
possibly reflecting a means for holding a form
together. The point end of the mould appears
broken, but Becker (Ms. A) indicates that castings
of these tools were finished by hammering. A
point could have been formed in the hammering
process.
A great number of bronze lances with short and
long blades are in the collections of the
archaeological museum in Cagliari. Short blades
may reflect incomplete castings, or they may be
reworked pieces of broken long blades. A few of
the numerous examples in Cagliari are 20568
(which according to a nearby card was in the Teti
Collection, Vivanet), 2055l /2 and 20566. Several
lances bear the number 20568, suggesting that
they all were found together or that they all came
from the same collection.
Pinza (1901, Fig. 95) identifies this mould as a
Forma per fondere punta di lancia a costa
ottagonale. Museo di Cagliari (fot. Vochieri).
Taramelli (1917, 102, no. 8; ft. nt. 3) believes this
mould to be carved from schist, and gave its
length as 6 cm. greater than my measurement. As
noted elsewhere, he may have confused various
attributes of B 926 and B 928. He also stated that
the length he assigns to B 928 corresponds in
dimensions to the piece described by Spano
(1872, 49-51) says it was found at Tula (Sassari)
in 1871, the year in which ox hide ingots also
were found.
B 930 Mould for rod or javelin (fig. 9)

Pinza (190l, Fig. 97) identifies this mould as a
Forma per fondere falci ed altri oggetti (fot.
Vochieri). He provides an excellent photograph,
but without scale. Taramelli (1917, 101) identifies
this mould only as from Sardinia (Inv. 5484),
made from schist, and with a maximum length of
41 cm.
Note that item 5458 is the same as object B 919,
above. Zervos (1954, 147, 148, Fig. 152)
provides a very good photograph, but is
inaccurate in specifying dimensions.

Taramelli (1917, 103) lists this piece as "Inv.
5488" from Nuraghe Piscu in Suelli. This "mould"
appears to be the central section for casting a rod
or javelin or, as Spano (1871, 27) suggested, a
Virga Sardorum (Sardic fasces). This piece is
similar in form to B 931 and 35596, etc. The
material is probably chlorite schist, but might be
steatite. In cross-section this mould is flat on "top"
and is wider than it is tall. Although the general
shape of the mould remains the same all along the
24.5 cm. of its length, it tapers considerably. At
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the larger end it is 7.1 cm. wide and 4.0 cm. tall,
tapering to 5.3 cm. wide and 3.4 cm. tall.
Extrapolating from the dimensions one might
estimate the intact piece to have been over 60
cms. long. The channel measures approximately
11 mm. wide and deep, with no deliberate
variation evident, although the entire form
originally may have had some taper.

illustrated the center section of a "mould" which is
either B 930 at the Museum in Cagliari or
extremely similar to it (possibly B 931). Spano
believed it to be a different kind of basalt,
presumably differing from the “porphyritic
trachyte” of which he believed both B120 and
B933 (q.v.) were made. Spano stated that this
piece was discovered in Suelli in 1862 during the
excavation of the Nuraghe Piscu.
Bronze rods over one meter long, supporting
figures of the same metal, are now known to have
been a significant product of ancient Sardinians.
Taramelli (1917, 103, no. 10) says they are
common in Sardinian collections, having
"circular" [round] sections. Spano may be correct
in believing these to be like badges of office. He
provided four examples of these items, two of
bronze and two of iron, which he distinguished
from darts (veruti). Projectiles, he pointed out,
were also made of either bronze or iron. Examples
of bronze rods came from a tomb at Tharros as
well as from locations in the center of Sardinia
(see Lo Schiavo et al. 2009, passim).

Fig.9: Mould B 930 for rod or javelin

Taramelli's note that such pieces are common in
Sardinian collections suggests that numerous
other examples were in private hands. A similar
"mould" from Enkomi, Cyprus, had been believed
to be for casting metal, but Catling (1964, 275)
suggested that it was a 12th century swage block,
used to manufacture bars and rods. Catling also
notes that such forms were known from
Palaikastro on Crete and also at Troy, where
Schliemann found two. Quite possibly these were
being used to hammer rods, or bend them (see Lo
Schiavo 2009b, 257, Figs. 8 and 12; also Balmuth
and Tylecote 1976, Balmuth and Becker 1977,
Becker Ms. C). A swage block made of bronze
was part of the material found on the Cape
Gelidonya shipwreck, but stone generally is not
considered suitable for the task.
This mould may be the object published by Spano
(1871, 27, Fig. 47), as inferred through the
description given by Taramelli (1917, 103). Spano
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Fig. 10: Mould for a spear B 931

B 931 Mould for a spear (fig.10)
This fragment of a mould is said by Taramelli
(1917, 103, no. 11) to be from the village of
Oschiri (Sassari) and of chlorite schist. The mould

fragment has a form for a spear, with an octagonal
section, cut into it and is very similar in shape to
B 930. This fragment is only the central section of
the original piece. It is 15.8 cm. long and has a
profile similar to B 930 (q.v.). At one end the
piece is 7.8 cm wide and 4.6 cm tall, while on the
other end it is 7.1 cm wide and 4.2 cm tall.
This may be the piece described by Spano (1871,
fig. 47), but according to Taramelli (1917, 103) it
is not. Spano described his subject as being of a
kind of basalt, which B 930 is not. When
examined in 1976 the stone appeared to be
granitic rather than chlorite schist or of steatite,
but the interior of the stone is bright green in color
suggesting that it is cut from steatite (cf. Catling
1964, 275; Balmuth and Tylecote 1976).
A small portion of the old label remains, but the
writing is indistinct. The terminal letters appear to
be "-hiri," probably indicating the village name,
"Oschiri." Upon re-examining this piece in 1977
the possibility occurred to me that although the
mould is quite battered, it does not appear to have
been broken. At the point end the form is
definitely wide open, but the margin of the piece
is flat and appears to be the original surface.

This stone has a dark brown-black surface but,
unlike most of the other pieces, the interior is a
very dark black color. The side opposite the
mould face has an old chip scar, which is reddish
or rust brown in color.
Numerous new chips are also evident, and from
two of these a sample was secured in 1977. The
dust of the sample is blackish-gray in color, but
the smooth surface from which the sample was
taken is gray-green ranging toward gray. This
mould, studied in 1976, is unusually large and has
several anomalous features. The entire surface of
face "C" has been broken or cut off, leaving only
the lowest surfaces of the form. This suggests that
this mould once had a cross section similar to that
of mould B 934. However, all three forms cut into
B 932 have been carved without sockets to
receive posts to form the shaft holes for the tools.
B 932 (Fig. 11A, 11B)

Elsewhere I noted (Becker Ms. A) that for venting
purposes such pieces often had forms with "open"
aspects cut into the mould. The rough edges of
castings produced in such moulds were later
finished during the hammering process. A
transverse gouge in this piece occurred late in the
life of the mould or is part of historic damage, but
not recent.

Fig.11 B: Large mould B 932

Since holes to receive “handle” are easily formed,
one must wonder why they are absent in these
instances. This anomaly plus the even metric
dimensions (e.g. length 40.0 cm.) also suggest that
this mould is peculiar. Furthermore, the surface
"B" is unusually flat, yet the top edges of the form
seem damaged at the ends. This may be among
the examples of reworked moulds.
Fig.11 A: Large mould B 932

Since no sockets exist at the base of the central
sections (as in B 926) one might also speculate
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that this piece could be an early example of such
moulds. If a dowel of the exact diameter of the
base of the hole for forming the center of these
objects were inserted into the mould before filling
the cavity with liquid metal, a socket hole would
be formed, but the resultant double axes would
have thin or nearly absent shaft holes. A tapered
dowel placed in these holes might produce an ax
without a projection at the base of the socket,
more similar to the kind of double-bitted axe
made today. Figure 11A does not show a section
of the axe on surface "b," which is shown in
section on surface "c." Similarly the plan of face
"b" does not have a section of "c." The figure has
a composite section, showing a section of the
stone mould as shown by the marks on face "b,"
but including sections through the moulds on
faces "a" and "c." The long sections of "a" and "b"
are not taken at right angles to the cross section,
but rather along the axial length of the forms.
Taramelli (1917, 101) reports that this green stone
mould was in the Caput collection (Inv. 23632),
but its provenance is unknown. Since one of the
three faces ("C") was damaged or deliberately
removed, Taramelli may have been led to believe
that the piece was worn out. Taramelli’s (1914,
32) later reference to this piece does not include a
description.

Fig. 12A: Mould B 933

B 933 (fig. 12 A-C)
This mould, found at the site of "Perdadudda"
near Belvì, was one of the most published pieces
in the museum at Cagliari. The piece is
approximately 41 by 24 by 20 cm. and probably is
of steatite. Scattered about this same site were
found many pieces of copper bun ingots (It.
panelle) as well as copper slag (see Zwicker et al.
1980). Spano (1871, 27) thought this might
indicate that the structure served as a workshop
for manufacturing weapons. The numerous forms
that are cut into this mould suggest that bronze
tools were mass produced. Large number of
bronze axes similar to those that could have been
cast in this mould are in the Cagliari Museum's
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collections. These bronze pieces, which bear a
five number code recently superseded by a "B"
series designation, are mostly in the 38000 series
(e.g. 3831l/B514, 38865/B7, etc.). A catalogue of
these bronzes would prove useful.
Side "a" of mould B 933 has forms for two double
axes 29.5 and 30.1 cm. long. Side "b" has forms
for two flat tools, possibly chisels, 12.6 and 20.0
cm long. The shorter cavity has a series of modern
pick marks marring the bottom surface. The
longer cavity appears to be unfinished and
averages 0.3 cm. deep along the rough bottom
surface, which also is covered with chisel marks.
At one end of the longer form is a deep gouge,
which may have been a marking device for
making the finished form. No moulds are known
for chisels with "ribs" or raised (sometimes called
“flanged”) lateral margins (with a shallow "U"
profile). That type of chisel was probably made
from flat chisel-shapes that were cast in forms
such as this and then hammered along the lateral
margins (Lo Schiavo 2009b, 264, figs. 1-3; also
2009c, 444). Face "c" has a form for a tranchet
axe 20 .9 cm. in length, and a form for a rod 34.5
cm. long. The rod form is 2.2 cm. deep at the
center but only 1.8 cm. deep at the edges.
Spano (1871, 27, Fig. 45) described this mould for
bronze "armi" as belonging to the village rector,
Teol. Sebastiano Porru. This mould was found
amidst the ruins of an ancient wall that was built
without
cement,
called
"Nurago-Sarda"
construction. Spano believed the stone to be
porforitic trachite of the variety found near
Meana, and compared it with the stone of mould
B 120, described above. Spano gives the weight
of this piece as 30 kg, and offers dimensions that
are slightly inaccurate (cf. Lo Schiavo 2009c).
These measurements are given much more
accurately by Taramelli.
Spano believed the two holes near the base on
each end once accommodated large pegs used to
invert the mould in order to shake free castings
that had cooled in the cavities. The configuration
of these sockets leads me to suggest that a specific
kind of handle was used. A dowel with a flared
end the size and shape of the socket could be
sawn or riven (split) into three sections.
Removing the center sections allows the two edge
pieces to be placed together and fit into the
socket. These two pieces would be locked into the
socket by reversing the central piece and forcing it
between the two pieces in the socket. This would
cause the flared edge to hold in place, while the
reversed flare of the central portion would act to
prevent the handle from slipping while in use.

Pinza (1901, Figs. 94-94b) describes the form for
a double ax on the surface of side “a” (1901, Fig.
94a) as follows: Faccia della forma di Belvì
destinata alla fusion delle piccozze a tagli
paralleli (fot.Vochieri). Pinza (1901: Tav. XVII:
6) also illustrates a double ax of this shape. Pinza
described side "c," as illustrated by a Vochieri
photograph, as Faccia della forma di Belvì
destinata alla fusione della piccozze a tagli
perpendicolari. The tranchet axe mould on this
face would yield a piece such as that which Pinza
illustrates later in his publication (Tav. XVII, 10).
Pinza (1901, Fig. 94) also illustrates the face of
this mould that I have labelled side "b," with the
forms for two chisels, or perhaps a pick and a
chisel. Pinza describes face "b" as a Faccia della
forma di Belvì destinata alla fusione delle ascie
piatte, and provides a photograph by Vochieri.
Taramelli (1917, 100-10l) notes this piece as
bearing inventory number 17080 and cites the
references of Spano (1871, 1872) and Pinza
(1901). Taramelli had noted this piece earlier
(1914, 32), but without a description. Zervos
(1954, 148) roughly describes this piece, and also
describes how the mould was used to cast a
socketed tool (see above).

B 934 mould for two double axes
This large mould has forms for two double axes.
This is the only one of the large moulds with
rectangular protruding handles carved from the
stone blank at the same time that the body of the
mould was made. One other (B933 from Belvì)
has sockets in approximately the same locations
as the handles in B934; that is, on either of the
long ends of the block. The heat of the mould
when used for casting, or the small size of these
handles and difficulty of using them to maneuver
the piece, make the attached variety of handles on
B933 more efficient.

Fig. 13 A: Mould B 934

Fig. 13 B: Mould B 934, section.

Fig. 12 B and 12 C: Mould B 933

Both forms carved into this mould (top and
bottom) are for collared double axes (axes with
two vertical cutting edges). Taramelli noted that
the wings of the axes have a great arch along the
bottom, but that the piece is flat on top. Becker
notes that hammering (hot and cold) could have
produced the butterfly form such as seen in
Minoan examples. Branigan (1974, 125) states
that collared double-axes in the western and
northern Aegean area appear during the Early
Bronze 3 (Middle Minoan 2) period. Taramelli
(1917, 98) notes that the deep hole of narrow
diameter in each mould served to locate, or
infiggere a mould "infix" to serve as the form for
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the socket of the axe. Once the axe had been cast
and hardened this piece would be removed and a
handle inserted. Becker suggests that the handle
was not inserted in this socket and the axe cast
around it since the wood would have been burned
in the process. Further, were such a process in
use, one would assume that a better grip would
have been achieved by piercing the wood, and
having the casting extend into the handle to
prevent slippage or rotation. This is not evident
from a cursory study of socket holes in bronze
axes.
When first studied a number of even metric
measurements (in centimeters) were indicated.
Although at first these appeared to be greater in
number than one could ascribe to random chance,
a careful review demonstrates that this is not the
case. One peculiarity should be noted. One of the
bits of B 934a, the form for a double-bitted axe, is
concave rather than convex. No explanation can
be given for this apparently anomalous feature,
unless the mould was never finished and never
used.
Taramelli (1917, 96-100, Figs. l and 2) indicates
that this piece had been recently acquired by the
Museum and refers to the 1904 "Notizie degli
scavi." This suggest that the piece actually was
found in 1904. This mould was indicated as being
from Ursulei (Urzulei) in Ogliastra, from a grotto
above the village. Found with B 934 was a group
of votive statuettes (also see Taramelli 1917, 103
for description of votive caves. B 934 is described
as being of chlorite schist and 22 cm. high, base
40 by 13, top 32 by 12 cm. Also noted were
differences in sizes of cavities, and thus their
products. Zervos (1954, 148) mentions this piece,
but does not describe it.

museum at juncture of cases 35 and 36. The
number may relate this piece, together with
numbers 39596 and 39597 below, to the Gouin
Collection. I suggest this because Taramelli
indicates that piece number 35262 (some 4,000
units removed) was a part of the Gouin Collection
(see below).
Cagliari Museum 39596
This piece is a portion of one-half of a two-part
mould for a lance with an octagonal shaft. The
label is indistinct but the provenance in the
Inventory Register Book is Nuraghe Su Nuraxi,
Settimo S. Pietro. As with 39595, this stone is
bright green inside but surface dust, or use, has
stained the exterior to a dull shade of gray. This
piece was also located at the junction between
cases 35 and 36 in the museum. Taramelli
(1917:103, no. 12) describes this piece as a
damaged fragment of one half of a bivalve
chlorite schist mould for a lance, of unknown
origin. The length is given as ca. 12 cm. long, and
the cross section measures 5 by 8 cm.
Cagliari Museum 39597
This piece, in case 37 in 1977, is very regular in
shape and looks like a hard-fired, dark black brick
but is actually not dissimilar to other pieces of
moulds. The upper margins, along the lines, are
reddish in color. The surface looks like a clay
mass with quartz temper, but scraping reveals the
interior to be a grayish, green stone with reddish
hues. The powder of scraped from the surface
looks dark red (rust red or brown) in color. A
small sample was taken from the broken surface.
The surface coloration may reflect the conditions
under which the piece was buried.

Cagliari Museum 35262
Taramelli (1917, 103, no. 13) described this
damaged fragment as being carved from steatite,
and as having come from the Gouin Collection
(Inv. 35262). He believed that this piece
represented only part of the two "valves" of a flat
hatchet.
Cagliari Museum 39595
This fragment of a swage block (?) or mould, or
possibly a shaft polisher (cf. B 930 and B 931) is
cut from bright green stone but now has a dark
surface patina. In 1977 it was located in the
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Moulds such as 39597, if they were very long,
may have been used in pairs (“bivalve”) to cast
the long staffs or poles used to support small
"votive" figures. Ten long bronze poles, each of
which supports a "votive" figure, and an eleventh
without a figure, were on display at the
Archaeological Museum, Cagliari. These poles
are blade-like in cross section, each with a
roughly circular mid-rib with flanges like the two
edges of a sword. The poles look like two-edged
sabres, but do not have the same proportions, and
very little taper. These pieces could have been
cast in long double moulds similar to No. 39597.
Scribed lines parallel to the mould form and
channel may be seen in the plan. On this face of

the mould, on one side of the form there is one
line while the other side of the form has three
scribed lines, each about 3 mm. apart. Taramelli
(1917) may not have seen pieces 39595 and
39597, but he did describe one piece not seen by
Becker: item 35262.
MUSEO NAZIONALE "G. A. Sanna," Sassari,
Sardegna, Italy
No. 25 Irgoli (Fig. 14)

Fig. 14: Mould n.25 for two daggers and a shovel

The catalogue entry for this single valve mould
reads as follows: stampa in pietra per due daghe e
una paletta rettangolare. The mould measures
approximately 36 by 23.5 cm. and has forms for
three spatulate or blade-like objects. In addition to
the label written on the mould (see caption
above), there is evidence of an earlier circular
paper label on the mould face. This may have had
the catalogue reference for the piece when it was
in a private collection, or it was an early label at
the museum.
This piece appears to have had a cover or
uncarved valve bound to it, as indicated by the
apparent openings at one end that would provide a
sprue for casting when the two pieces were bound
together. The absence of vents or air ducts, which
would enable the molten liquid to flow into the
moulds may be explained by the fact that the
valve face is far from flat. Even if the valve to
which it were matched had a flat face, the slightly
convex face of this piece would provide a
significant separation and permit free flow of
molten metal. The unwanted flash produced by
such a casting could be filed off with ease.
When covered with a matching flat stone, the two
lateral forms, for flat, blade-like objects, would
not be tightly sealed, thus allowing air to flow out

with ease during pouring. The central form is for a
small spatulate "blade" only 5.8 by 8.5 cm. across,
at the end of a rod 24.8 cm. long. This rod is more
than one cm. wide and 5mm. deep, offering a
large pouring column to permit the melt to pass
through and into the flat end with ease. This
mould also could be used as an open face
receptacle for casting, by plugging the "sprues"
with clay, may be noted. A further indication of
this piece being but half of the "mould" is
provided by the four "vertical" lines on the sprue
end of the mould (Fig. 14, section). Although
these grooves occur on only this end, these lines
appear to provide incisions along which binding
string could be used to fasten the valves together.
The mould appears to be made of a green chlorite
schist. The entire surface has a rich patina which
gives a gray cast to the piece. Brown-gray stains
appear to reflect casting activities or heat
darkening on the mould face. Several large
scratches and a deep groove on the rear (back
side) of this piece may be of recent origin,
exposing stone of a lighter and brighter green
color. A sample of the stone material was taken
from the deepest of these grooves. On display
with this piece in the Museum at Sassari were two
"contemporary" flat cast bronze pieces (lrgoli
Nos. 26 and 27). These two pieces correspond to
the wide spatulate form (C), and the long-handled
short spatula (B), possibly cast in this mould. No
metal equivalent of the tapered (file-shaped)
spatula form (A) is known.
No. 28 Ittireddu (Fig. 15) A and B

Fig. 15: Bivalve mould n. 28 for a blade

These paired mould valves for a fine blade are
believed to come from Itireddu (?), Monte Ruiu.
Each valve has a set of labels in various states of
decay. The blade cast in this set would have been
very thin, with an extremely thin tang. The
dimensions of each form differ slightly, but a
casting produced in this mould pair would have
been extensively worked in the finishing process.
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Similarly, the tang may have been hammered flat
and drilled or punched to provide a means of
attachment. The tang end also has a sprue that is
carved into the stone, a rare and possibly late
development in casting techniques.
The thicker valve (A) has a maximum length of
23.2 cm. One corner· is damaged as if by being
dropped recently. A sample of the stone from "A"
includes a loose chip at the edge of this damaged
portion and scrapings from a portion of the
bruised surface. Valve A has a large black "stain"
along one side (Fig. 138) from which a series of
black lines ("fingers") extend around to the back
surface of the mould (opposite the face). One
might interpret these markings as the result of
molten metal striking the side and flowing over in
the direction indicated by the arrow. However,
there is no clear evidence that this "stain" was the
product of such an exposure.
The remains of two earlier paper labels are clearly
indicated include one (a) that is all but gone and
consists solely of portions of the gummed backing
on the blade area of the mould. A second label (b)
has a legible number, but the script following
cannot be read ("N.30"). The third and fourth
labels noted are barely indicated by traces of gum.
There is also a good indication that the most
recent label ("No. 28 Ittireddu") covers markings
in red crayon (?).
The thinner valve (B), with a maximum length of
23.6 cm. is shown in plan and section. The section
of valve B has on it the location of the sprue as
well as the position of a gouge or channel which
extends down from the sprue, runs along the back
of valve B for 35 mm. on the sprue end, resumes
on the back near the far end, or tip, where it
extends for 30 mm., and then runs along the tip
ends of both valves. Such a groove may have
served to bind the mould halves together prior to
casting. The bound set would then be set in to
sand to receive the molten liquid. The pour may
have burned through the binding, which passed
over the entry to the sprue, but with the mould
pair in a fixed position this severing of the cord
would not be important.
The four labels and crayon markings that are seen
on Valve A are duplicated on the matching valve
B. The reddish-purple crayon markings on valve
B are clearly legible, reading "n. 3la." The four
earlier paper labels are variously indicated. A
small paper rectangle (label "a") is evident under
the modern label, which reads "Museo Nazionale
'Sanna' Sassari". A second old label is indicated
290 |

only by a gummed spot near the modem label. A
third label ("c") is located on the face of the
mould and reads "No. 30(2)." The location on the
face and the numbering clearly indicates that these
labels were paired. The fourth label is only
partially legible, but probably reads as follows:
Conio d'armi, lttireddu, Monte Ruiu.
No. 30 Nuraxi (Fig. 16)

Fig.16: Mould for a long lance from Nuraxi.

These two pieces, from one half of a bivalve
mould 35.6 cm long, have the majority of a form
for a ca. 40 cm. long lance blade with and
octagonal haft. The stone is green-gray in color
(chlorite schist?). The face of the mould is a grayblack, possibly from heat darkening or from the
use of a parting agent such as soot. The catalogue
entry indicates, “Stampo di armi in pietra
porfirica, rotto in due pezzi combaciante, . . .”
Traces remain of an old label are on the larger
piece, but this label had been removed or worn
off.
The shape of this form and the general
configuration of the mould might best be
compared with No. 639, also in the museum in
Sassari (see below). Several incised lines appear
on the butt end of the mould (see illustration), and
one vertical groove (see plan) along one side 6
cm. from the butt end. The peculiar pattern of
grooves leaves considerable doubt as to any
possible function as a means of binding the valves
together. These unusual grooves suggest that the
problem of inferring function for such deliberate
incising has not yet resolved. A single nick, or
deliberate incision, extends to the left from the
side of the haft. Were this notch matched on the
opposite side of the haft one might infer that they
would be for securing a chaplet. Samples were
drilled from the surfaces of the breaks at a
position on each piece represented by the small
circle which appears on the section. On the larger
piece the corresponding location had recently
been damaged.

The channel cut along one side is 23 mm. wide at
the butt end and narrows to 17 mm. wide at the
break. At the break end the channel is 8 mm. in
depth and deepens to 9 mm. at a distance of 9.3
cm. from the break. At that point the channel
ceases to have a smooth half-round profile, but
rather has an uneven floor some 15 to 19 mm.
deep, as if the form were being deepened or
expanded, but without finishing the job. The back
of the mould is smoothly curved at the butt end,
but at the section is rough and uneven.
No. 632: Sorso
The catalogue entry for the three separate
fragments of this mould reads as follows: Stampa
per armi in pietra porfirica in tre frammenti
combacianti fra di loro. When assembled the total
length of the three pieces is 41.0 cm. but the
original length appears to have been considerably
longer. This item is not a swage block, but may
have been used to cast or work the long rods
commonly found in Sardinian collections. The
mould has two channels (A and B) on the "upper"
surface, and a third channel (C) on the opposite
face. All three channels are approximately halfround rather than deep grooves. This suggests that
the rods were either cast with this mould when it
was mated to another valve (yielding a circular
cross section in the casting), or the rods cast in the
"open" mould needed extensive working to round
them.
The three channels (A, B, C) vary considerably in
their configurations. Channel A varies in width
from12 mm. at the narrower end to 14 mm. at the
far end, but it maintains an even depth of 5 mm.
Channel B is 13 mm. across at the small end and
widens to 15 mm. The depth also changes from 4
to 6 mm. Channel C also begins with a width of
13 mm., and a depth of 6 mm., but widens to 18
mm. at the far end, with a depth of 8 mm. Channel
C is not only larger than the other two but also has
a slight curve rather than being straight.
The three fragments of this mould may be
described as follows: (1) The end section of the
mould, probably the more narrow, containing the
ends of the forms for the "rods" that extend to the
very edge of the mould. This suggests that the
mould was mated or covered and that the melt
was poured directly into the forms through these
ends. The tip end has three "vertical" lines scored
in to it, with the one in the center being the
deepest. The remains of an old label on this
fragment reads "761." This label may indicate
previous ownership by a private collector. The

maximum length of this fragment is 21.8 cm. A
nearly vertical groove, similar to the three vertical
grooves on the end, is to be found on the longer
intact side of this piece some 9.7 cm. from the
intact end (indicated by the letter "a"). No other
labels are seen on this mould. (2) The second
section of this mould is 10.9 cm. long at the
longer intact edge but longer at the center of the
fragment. The cross-section for the mould,
measured at 30.0 cm. from the tip, crosses this
piece. (3) The remaining fragment of this mould,
some 8.7 cm. long, is broken down the long axis
as well as across the mould. Samples were taken
from each of the three fragments. Each sample
site location is marked on the sketch with an "s".

Fig. 17: Fragmentary mould from Sorso n. 638.

No. 638: Sorso (Fig. 17)
A fragment of a chlorite mould for a lance point.
The piece is only 9 cm. long, tapers from 84 to 82
mm. wide, and represents a portion at the middle
of the lance. The lance blade form has a
maximum breadth of 57 mm. and tapers to 53
mm. at the far end. A half-round channel form has
been carved along one side of the mould. This
channel is 16 mm. wide and 8 mm. deep at the
section shown in the Figure, but is 17 mm. wide at
the wider end. The "back" of the mould is slightly
convex, such that the mould is 65 mm. tall in the
center, but only 63 mm. tall at the sides.
The wider (socket) end of the piece (A) has an old
break, but the break on the narrower end appears
more recent, if not modern. This new surface
indicates a blue-gray stone. Since the old label
("Sorso dono Molinari Antonio") would have
overlapped the more recent break one may
conclude that this fracture developed since the
piece was found. Some gray-white earth, similar
to that remaining on the older break, is found
along the edges of the newer. This suggests that
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an old fault existed in this piece and had only
recently come apart. A sample was drilled from
the more recently broken surface (B). The name
of the donor of this artifact and also of artifact No.
439 indicates the source of other objects in this
collection.
No. 639: Sorso (Fig. 18)

is badly damaged by numerous cuts and gouges
that were not a function of use.
The designs appearing on the section view are
actually off-section representations of lines that
are incised in the base end of the piece. The
surface opposite the form for the rod (a) is
extensively covered with pick marks. Three
different labels have been used for this piece.
Perhaps the earliest is that which was on the
bottom and of which only illegible traces now
remain. Another label reads as follows: “Conio
d'armi/ Sorso/ Dono: A Molinari." The inked
designation (N. 639 Sorso) also appears on the
bottom.
No. 1102 (689/42). Collection Dessì (Fig. 19)

Fig.18: Fragmentary mould from Sorso n.639.

This is a fragment (maximum length 26.1 cm.) of
a mould for a lance point. The stone type is
unknown, but possibly is a chlorite schist. The
cross-section of the fragment (Fig. 18B) was
taken at a point 14.0 cm. from the basal end. No
plan of this piece is illustrated in as much as the
form is almost identical with that of the plan of
No. 30 (q.v.). The section has been made looking
toward the point of the blade. The form for the
blade is unusual in having an angular central rib
and sharp and deep lesser ribs flanking the central
spine. The form for a tapered half-round rod is cut
into the side of this mould. The maximum width
of the form for this rod is 21 mm. decreasing to 17
mm. The deepest point is 10.5 mm., decreasing to
8 mm. at the most shallow portion of the
surviving fragment. These dimensions suggest
that the other mould valve may have had a similar
form cut into it, the pair being used to cast round
tapered rods. Unusual in this example, however, is
the appearance of two grooves or channels at the
basal end of the form for the rod (see partial
longitudinal section Fig.18A). These grooves,
perpendicular to the long axis of the mould, would
have produced raised rings on the castings. Slight
differences in the coloration of the long channel
and of these "rings" suggest that these grooves
may have been excised after the original use of
the mould. The basal end of the mould had been
cut and highly polished, but at present the surface
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Fig.19: Mould 1102 from Collection Dessì.

These matching valves of the same mould are
dark black on the surface, representing the darkest
colored moulds in the museum in Sassari.
Samples drilled from both valves reveal a bright
green stone. The forms carved into both valves
extend "beyond" the stone at both tang and point
end, both capable of receiving the poured melt;
however, some arrangement would be needed to
plug the opposite end to prevent the molten metal
from flowing through. Such mould pairs may
have been set in sand or had a leather patch tied

over the opposite end. Almost any barrier would
stop the flow, with some flash being created at the
point of deflection. This carving technique, with
the subsequent requirements for pouring, differs
from that used with mould pair No. 28 in Sassari
(q.v.), which has a sprue-like entry carved into
them.

obscured, leading to the addition of labels in white
ink ("c" above).
No. 1103 (688/41). Collection Dessì (Fig. 20)

The two faces of these valves do not meet well,
but the unimportance of a "fit" has been discussed
(Becker Ms. A). Valve A, slightly thicker than the
other, has a notable bevel along the anterior
positive axis. Valve B is thinner and has a slight
transverse bevel. Grooves on the narrower end of
Valve A are in the shape of "π" but any grooves
which may have been on the corresponding
surface of valve B have been obscured by the
damage done to that area.
As illustrated (Fig. 19) the "π" shaped grooves
and damaged area are shown in mirror image
since the section view is made looking toward the
point end and the markings (off-section) are
shown as if looking directly at them. The
damaged area shown in Fig. 19 is also on the far
end and shown here in mirror image. A sample
was drilled from this damaged spot. A diagonal
gouge crosses the back of Valve A, and is
indicated on the long section by the letter "a."
Mould pair No. 1102, like the mould pair No. 28,
has an entry (gate) at the edge, with the tang area
also serving as the sprue. The central rib of No.
1102 is deeply defined on both valves, and the
thickening at the edge appears unusually wide.
The thickness of these edges, as with castings
from other moulds, indicates that the blade edges
were meant to be hammered flat, probably by a
cold-hammering technique, to form and harden
the edges .
“Due stampi contrapposti, di steatite, per punte di
pugnali forma di foglia di salice con nervatura
centrale a codolo breve, trapezoidale.”
Labels on this pair are as follow:
a. Newer label (ink), "N. 1102 C. Dessì ".
b. An earlier inked label simply reads "1102."
c. A label in white ink covered by clear nail
polish was added to each valve on 3 January,
1977 by Dotta. Lo Schiavo. No evidence exists
for earlier labels or tags.

Fig.20: Mould 1103 from Collection Dessì.

Mould for a “Cannone rettangolare. Lung. 0,245
Largh. 0,057 Spesso 0,031." The cross grooves at
the center of the shank could have been used to
hold two chaplets. Such a rod would have been
used as a form to cast the hollow interior of the
lance blade. The pins used to hold the rod in place
would leave holes in the metal casting. A single
pair of such holes are in the shank of a bronze
blade (No. 1249 Coll. Dessì) similar in form to the
one that would have been cast in this mould.
The cross section of the shank is a perfect half
circle. The thickness of this valve at the tip of the
blade is 2.5 cm. At the butt end it is 3.3 cm. thick.
A vertical groove is carved into the point end of
the mould (a) at the center of the form. One cm. to
the side is a parallel groove (b), which may have
been carved, but is less clearly a deliberate
groove. A sample of stone was drilled from the
reverse side of the mould from an area near the
shaft end where an old break damaged the surface.
The entire back of this valve is relatively rough.

The black ink labeling on valve "A" were
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The Identification of stone types used in
making these moulds
Before attempting to interpret the limited range of
information afforded by the moulds catalogued
here, a note regarding the stone types is in order.
As of this date an analytical program to determine
the specific composition of the material used in
each of these moulds has just begun. This was
part of a much larger program involving studies of
Mediterranean trade, which was initiated through
a grant from the National Endowment for the
Humanities and is being continued through a grant
awarded by the National Science Foundation.
Although the catalogue includes evaluations of
stone types as they appear in the literature, no
attempt has been made here to suggest an
evaluation based on the author's observations.
This is not to imply that the six years of research
regarding "soft stones" has been conducted
without learning something about field geology,
but rather that this experience leads one to
conclude that visual inspection, even by the better
geologists, cannot provide the specificity
necessary to regulating comparisons which are
made regarding stone types.
The archaeological literature is plagued by
inferences and speculations regarding all stone
artifacts, including stone moulds. These
inferences generally include an evaluation of
stone type, which has been made on the basis of
casual observation or are simply transcribed from
the published record without regard to accuracy
(cf. Branigan 1974, 78). Such "analyses"
generates speculations concerning the "origins" of
said stone; suppositions that are problematical if
the primary assumptions regarding stone type are
in error. As Dennis Britton (1963, 266) noted, "In
the absence of petrological examination, little of
an exact kind can be said about the stone used for
the moulds." Despite this observation, few have
attempted to secure the necessary data for making
statements regarding stone sources, a problem all
too common in archaeology. Several Sardinian
cases are of special note. The famous "Venus
Callipige" from the rock shelter of S'Addi
(Macomer, Sardinia) is variously described as
being of different materials as well as being of
different sizes (see Lilliu 1966, 39; Guido 1963,
47, 66, Pl. 7-9). Other authors have also
speculated on the type of stone used to make this
piece (reviewed in Lilliu 1966, 40-41), but all of
these evaluations are based on visual examination
alone.
Margaret Guido (1963, 38-40, Fig. 4) described
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an unusual cuplike "steatite" bowl with a basal
ring (footring) and spool handles from Li Muri
(Arzachena), now in the Museo Archeologico
Nazionale at Cagliari. She finds the form
suggestive of Eastern Mediterranean inspiration,
if not origin. Tomb l, which contained the bowl,
was but one of five cairns of early date that have
been excavated. It consists of a typical rectangular
cist made of upright slabs with a stone roof. Mrs.
Guido thought that the stone of this cuplike bowl
". . . may be of Cretan origin." Zervos (1954, 141,
Fig. 147) also thought that the design probably
was imported from the eastern Mediterranean, but
gives the bowl’s size as being 13 cm. in diameter
as distinct from the 8 cm. stated by Mrs. Guido.
One should note that the outstanding steatite
deposits of Orani are only 80 km. by air from the
town of Arzachena near the Costa Smeralda. The
low shape, basal ring, and spool handles of this
bowl are vaguely suggestive of Minoan and
Egyptian vases (see Warren 1969) but the piece
appears unique. Only careful comparisons of the
material of this bowl and samples of similar
(identified) stone from both Sardinia and Crete
may provide a satisfactory answer to this
question. As Britton (1963, 266) pointed out,
"...precise information would be worth having,
and if possible determination of whether the stone
was available locally or must have been brought
in. "Speculations regarding possible sources
provide useful ideas which may be tested, but
conclusions reached without basis in fact can be
misleading.
Mrs. Guido (1963, 45) is probably correct in her
assumption that the numerous small "idols" from
Sardinia were locally made. Her statement that "...
the marble ones from Senorbí and Porto Ferro
have been analyzed and shown to have been made
of Orani marble, …," had appeared to me to be an
error, but the possibility that “marble” or
metamorphic limestone can be found at Orani
cannot be completely excluded even though the
writer has not found any during the two field
seasons spent collecting samples there. Taramelli
(1917, 99-100) believed that the chlorite schist,
of which he believed most of the Sardinian stone
moulds were made, was not common on the
island. He noted that similar moulds had been
found at the Hissarlich excavations. This led him
to conclude that the moulds, as well as various
types of bronze "weapons" had been imported.
His observations regarding the steatite moulds
from Sardinia were only a slightly different
matter. Taramelli knew of only the whitish steatite
from Orani and not of the various green or black
varieties in the same region. Therefore he could

not infer the origins of these steatite pieces on
Sardinia.
Information on sourcing the stone used in the
moulds remain unknown, despite continuing
efforts to generate methods of identification (see
Becker 1976a). The use of color or texture to
match artifacts with sources already has been
demonstrated to be fallacious (Becker 1976b).
Similarly, assumptions regarding origins of stone
materials from any area of the world no longer
can be regarded as valid as no rigorous methods
of analysis have been applied and careful
consideration given to the means by which
comparisons are made with sources (see Becker
Ms. B).
The Mould Data and its Interpretations
No single complete catalogue of Bronze Age
moulds has been published, but Hodges (1959;
1960) provides important surveys for the British
Isles. He also offers (Hodges 1960, 159) valuable
references to work done in Sweden and elsewhere
in northern Europe, complimenting Dechelette’s
(1910) survey of the French examples. Often
references to known pieces of moulds in Italy
have been sketchy (see Becker Ms. A), and many
authors have made inferences or reached
significant conclusions based on limited
information. The vast majority of these inferences
are devoid of any basis in fact and may be
disregarded. Britton (1963, 273) has made a
comparison of mould find sites and hoard finds,
noting spatial correlations that are of interest on
Sardinia and elsewhere. Some limited inferences
based on these studies may be valid, but
conclusions regarding bronze casting reached
through information derived from these tools
remains to be based on more direct evidence.
On the other hand a great number of tenuous
statements are made regarding mould finds and
their meanings as well as on the absence of mould
finds. For example, Bass (1967, 163) speculated
that the only missing item in the Gelidonya wreck
inventory to demonstrate that a traveling smith's
tools are represented would be moulds for bronze
casting. Bass inferred that such moulds might
have been made of soft clay, and suggested that
two clay balls, less than a centimeter in diameter
(1967, 134), may have been used to make such
moulds. These fanciful ideas are entirely devoid
of direct evidence, as are all similar comments
regarding the concept of itinerant bronze casters.
Bass contradicts himself in inferring a Cypriote

origin for the cargo of the Cape Gelidonya
shipwreck (1967). His conclusion derives from
the observation that some of the items in the cargo
are of types cast in moulds known from Cyprus
(Catling 1964, 272, No.2, 274, No. l, Plate 50b, f).
Bass (1967, 117) used this limited information to
infer that the cargo must have been Cypriote.
Significant efforts to identify the actual port of
origin for the Gelidonya ship have not been
successful (cf. Bass 2005).
One could assume that complex moulds indicate a
stationary founding location unless evidence to
the contrary can be documented. Branigan's
(1974, 79) discussion of Aegean bronze casting
workshops does not mean that other areas were
lacking in such production facilities and therefore
that most of them were served by itinerant smiths.
Local and intensive forging must have been the
rule, not a rarity as inferred from an absence of
archaeological evidence.
Given the uncertainty of the basic information
such as stone type, as well as the observations that
moulds of a specific form are often found in an
area where no examples of their casting are
known (and vice versa), one finds great difficulty
in accepting statements regarding "schools of
metallurgy" or ideas regarding "communal" as
opposed to "itinerant" smiths (see Branigan 1974,
130). Metal production may be documented, but
further statements regarding the kinds of objects
produced, their relative frequencies, and the social
structure of the producers are no more than
educated guesses. The verification of these
speculations can come only through substantiating
the basic data involved. At this point only a
thorough description of the artifacts is available
and therefore only the most tenuous relationships
may be drawn between specific moulds and
bronze tools of similar size and shape. The
simplicity of tools such as the sickles that could
have been cast in B 927 and the amount of
variation, which would be produced by the
hammering process needed to finish them,
precludes any significant comparisons from being
made at this time between moulds and objects. As
with other forms in this catalogue, including axes,
the shapes are so basic that one must expect that
they would recur as a functional response to needs
throughout the agricultural world. In brief one
might say that insufficient evidence precludes any
possibility of determining possible trade networks
based on the evidence examined to date.
The transition to "steeled" or carburized iron,
postulated by Richardson (1934), now is known to
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have occurred quite rapidly. Many of the
techniques perfected by bronze workers were
easily applied in the working of iron, but casting
in moulds was not among them. The early kilns
rarely achieved temperatures over 1200° C, and
iron melts at 1537° C. Thus, the spongy mass
produced in iron smelting, including iron oxide
and iron silicates, had to be worked by means
almost identical to those used in working bronze.
Yet this hammered iron achieved a tensile
strength of only 100,000 psi, still below that of
cold-worked tin bronze (120,000 psi). Simple
steeled iron, however, has a tensile strength of
140,000 psi. More significantly this can be raised
to 245,000 psi by cold hammering, an obvious
improvement over worked bronze.
Quite some time elapsed before iron ores could be
heated to melting, but then iron rapidly replaced
bronze as the preferred metal for tools. The
techniques of producing iron tools precluded the
possible use of moulds at that early stage of
technology, leaving bronze casting as a secondary
metallurgical tradition, except for jewelers who
developed skills with bronze along new lines
specific to their products. With the end of the
Bronze Age there was a decline in the use of
moulds that survive until the recent development
of techniques for casting iron. This decline in the
use of such moulds puts an end to our ability to
study this aspect of ancient metallurgy and to use
those data to understand the general processes of
metalworking.
Discussion
The uniformity in the weights of ox-hide ingots
after 1500 BCE suggests standardization in this
aspect of the metals trade (Muhly 1973a, 1973b,
1976a, 1976b; Muhly and Wertime 1973). The
standard weight of about 30 kg, as represented by
the ingots found at Hagia Triada, appears to have
gone out of fashion by 1200 BCE, or about the
time when the Cape Gelidonya ship went down.
The ingots aboard the ship not only fall into three
different shape categories, negating Buchholz's
typological dating system. Ox-hide ingots show
great variation in weight. This in itself may reflect
multiple sources (cf. Lo Schiavo et al. 1990; Lo
Schiavo et al. 2009; Lo Schiavo 2009c).
This study of stone moulds from Sardinia has not
answered several general questions. We do not
know how the metals industry related, if at all, to
the Sardinian nuraghi or to what time periods
these moulds may be dated (but, see Lo Schiavo
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1976, 1986). We do not know what goods were
imported to pay for Sardinian copper, or how the
technology of Sardinia relates to the bronze
industries of Africa at that time (see Lo Schiavo
1981). We now have presented one facet of the
basic evidence for extensive metal working on
Sardinia (Lo Schiavo et al. 1985; Atzeni et al.
1987; Lo Schiavo 1988a; 1988b; Giardino 1987;
Gallin and Tykot 1993). Whatever the nature of
socio-political organization on Sardinia (cf. Sebis
1986), fostering the construction of thousands of
nuraghi, the system was incapable of developing a
mechanism to resist external incursions in search
of the island's natural wealth (cf. Webster and
Michels 1986). Systems better adapted to
maintaining complex exchange networks wrested
control from the local population, and may have
also taken control of the copper trade. The native
Sardinians, whose nuraghi probably reflected
strong clanship structures but weak cross-social
ties, were at the mercy of external traders who
used the internal divisions to divide and conquer
the island. Much as pre-Communist Chinese were
always subject to external insults due to lack of
internal political solidarity, the Sardinians of the
Bronze Age did not maintain a cohesive
organization that could maintain their own
independence. External traders or some internal
faction sustained a high productivity in the
smelting of ores, gathered the crude bun ingots,
and cast the larger oxhide ingots for export (Lo
Schiavo 2005b; Lo Schiavo et al. 2009; also cf.
Merkel 1986; see Gale and Stos-Gale 1987). The
definitive work on oxhide ingots specifically from
Sardinia is to be found in Lo Schiavo et al. (2009)
and Lo Schiavo (2005b; 2009c).
Eaton (1973, 98) noted that Crete and the
Cyclades "formed an important center for the
distribution of Aegean daggers as middlemen in
the trade between east and west." These islands
were, of course, important way stations in the
rudimentary maritime trade of the day. Their
location provided them with a pivotal position in
trade but by no means indicates a point of origin
for metals or finished tools. Similarly, there is no
reason to assume that the Minoans were any better
sailors than the modern Cretans. Although I agree
with de Jesus on the extent of Minoan influence in
Bronze Age mercantilism, there is no direct
evidence that they were "masters” of the sea trade
(de Jesus 1976: 228-9). That the Minoans were
prodigious exporters may be inferred from various
sources, but that they actually were involved in
the navigational aspects of the trade system
cannot be documented.

That the Minoans grew rich on taxes or levees on
items in the trade between East and West,
including tin from the west and possibly Sardinian
copper, appears evident. However, this would not
require that the Minoan polity sustain a merchant
fleet or protecting navy. Although the historical
sources may be differently interpreted, Plutarch's
question as to why Minos did not pursue Theseus
over the water might be answered by this
suggestion that the Minoan polities had no fleet
under their control. The shipping technology in
the Bronze Age required frequent landfalls, and
these occasions provided the opportunity for the
terrestrial mercantilists to grow wealthy.
With this dynamic model of shipping in the
Bronze Age one has an entirely new means by
which to explore the demise of the cities and
towns of ancient Crete. The simple development
of sailing technology might render obsolete the
numerous coastal stations of Crete. Organizations
of shippers and the rise of naval powers might add
to the stress of economic loss. By1200 BCE the
potential for maritime based raiding gripped the
Mediterranean world in a generalized situation of
stress. The societies and economic systems of the
Old World were in the midst of far-reaching
changes, which were hundreds of years in the
making and not the products of cataclysms or
invasions.
The complex economics of the Mediterranean in
the Bronze Age must be understood, if one is to
evaluate correctly the culture history of this
region. Although metals were probably a small
part of the exchanged goods of the Bronze Age,
their value must have been of considerable
importance in advancing agricultural efficiency
and in the rise and decline of economic centers.
When the importance of these factors is
understood one may come to realize that volcanic
eruptions such as occurred in the Late Minoan
period, perhaps between 1500 and 1450 BCE (see
Wilson 1976) probably had less cultural impact
than a shift in the trade routes carrying copper to
the eastern Mediterranean.
The significance of Sardinian copper deposits and
metallurgy, together with Iberian and Cornish tin
sources, are seen as important factors in the
development of the Mediterranean bronze
industry. Sardinian importance to the Etruscan
economic system is evidenced by the Greek
competition for the island, which they never
conquered
(Woodhead
1962,
73).
The
Carthaginians were successful in establishing their
influence to a limited degree, only to lose all to

Rome (238 BCE). As the production of iron tools
reduced the value of Sardinian copper, this aspect
of the economy went into decline. To the Romans
the agricultural output of Sardinia may have
become as important as its copper ores. How
Rome developed great power in the
Mediterranean despite a location far from the
crossroads of ancient history may be explained by
its strategic position with regard to the ancient
metals industry. This catalogue offers a very small
contribution towards the goal of reconstructing
Sardinian prehistory. A reliable foundation for
understanding this important island, and its
significance in the development of the
Mediterranean Bronze Age, is still being
constructed. This study was a small part of the
beginning of that process.
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